Objective: There is limited information on the accreditation status and geographic distribution of vascular testing facilities in the US. The Centers for Medicare & Medicaid Services (CMS) provide reimbursement to facilities regardless of accreditation status. The aims were to: (1) identify the proportion of Intersocietal Accreditation Commission (IAC) accredited vascular testing facilities in a 5% random national sample of Medicare beneficiaries receiving outpatient vascular testing services; (2) describe the geographic distribution of these facilities. Methods: The VALUE (Vascular Accreditation, Location & Utilization Evaluation) Study examines the proportion of IAC accredited facilities providing vascular testing procedures nationally, and the geographic distribution and utilization of these facilities. The data set containing all facilities that billed Medicare for outpatient vascular testing services in 2011 (5% CMS Outpatient Limited Data Set (LDS) file) was examined, and locations of outpatient vascular testing facilities were obtained from the 2011 CMS/Medicare Provider of Services (POS) file. Results: Of 13,462 total vascular testing facilities billing Medicare for vascular testing procedures in a 5% random Outpatient LDS for the US in 2011, 13% (n=1730) of facilities were IAC accredited. The percentage of IAC accredited vascular testing facilities in the LDS file varied significantly by US region, p<0.0001: 26%, 12%, 11%, and 7% for the Northeast, South, Midwest, and Western regions, respectively. Conclusions: Findings suggest that the proportion of outpatient vascular testing facilities that are IAC accredited is low and varies by region. Increasing the number of accredited vascular testing facilities to improve test quality is a hypothesis that should be tested in future research.
Introduction
There is limited information regarding the utilization of vascular testing in the US with respect to accreditation status of vascular testing facilities. The Medicare Payment Advisory Commission (MedPAC), and ultrasound-related professional organizations, support the requirements for sonographers to either have an appropriate certification credential or to operate in facilities that are accredited, to help assure that quality standards are maintained. 1 Accreditation, except in selected states, does not affect reimbursement. The Centers for Medicare and Medicaid Services (CMS) equally reimburse for services provided by accredited and non-accredited facilities. Monitoring the status of accredited vascular facilities, including the number of accredited facilities and the quality of services that accredited vascular testing facilities provide, is relatively well documented; [2] [3] [4] [5] [6] however, non-accredited vascular testing facilities perform services of unknown volume.
Prior evidence suggests that the accreditation of vascular testing facilities may be associated with optimal clinical outcomes. For example, a high degree of diagnostic accuracy in assessing internal carotid artery stenosis has been reported for accredited vascular testing laboratories. 2 Moreover, there is comparative data on the quality of testing between accredited and non-accredited laboratories in performing carotid duplex ultrasound scanning. These data suggest results from non-accredited laboratories do not appear to be reliable in planning management of carotid atherosclerotic disease and results from non-accredited laboratories should be used with caution. 7 The Intersocietal Accreditation Commission (IAC), a multi-specialty accreditation organization, is one of the few CMS-deemed 8 organizations for accreditation of facilities performing imaging, along with the American College of Radiology (ACR) and the Joint Commission (through its Ambulatory Care program). 1, 4, 9, 10 The IAC has developed high standards with uniform guidelines for vascular testing and accreditation. [3] [4] [5] 11, 12 The mission of the IAC is 'Improving Health Care Through Accreditation' with the goal 'to ensure high quality patient care and to promote health care by providing a mechanism to encourage and recognize the provision of quality imaging diagnostic evaluations by a process of accreditation'. 5 Although the IAC currently maintains an up-to-date list of all IAC accredited outpatient vascular facilities in the US, 6 the number and locations of non-IAC accredited vascular testing facilities that receive reimbursement from CMS is unknown. Accreditation status of the vascular testing facility may be one determinant of the quality of health care services and outcomes 2, 7 in Medicare beneficiaries and other at-risk populations. The number and geographic locations of IAC accredited and non-IAC accredited facilities may be important information to determine whether a potential source of quality differences in vascular testing services exists. Given that many vascular diseases occur in older populations, the Medicare database is an appropriate source for this information.
The main aims of the present study were therefore: (1) to identify the proportion of IAC accredited vascular testing facilities in a 5% random national sample of Medicare beneficiaries receiving outpatient vascular testing services in 2011; and (2) to describe the geographical distribution of these facilities. An additional aim was to identify variation in the types and volumes of outpatient procedures performed by IAC versus non-IAC facilities.
Materials and methods

Overview of materials and methods
Study design. The VALUE (Vascular Accreditation, Location & Utilization Evaluation) Study was conducted to identify the proportion of IAC accredited vascular testing facilities among those Medicare beneficiaries receiving vascular testing services in ambulatory settings, as well as to identify utilization and geographic variation in the locations of IAC accredited versus non-IAC accredited vascular testing facilities which receive reimbursement from CMS.
The present analyses examined the proportion of IAC accredited facilities in a 5% CMS random Outpatient Limited Data Set (LDS) who billed CMS (Medicare) for vascular testing services in 2011. The geographic distribution of these facilities and the types and volumes of vascular testing procedures across IAC versus non-IAC accredited facilities were collected. The list of all testing facilities that billed Medicare for vascular testing services from the CMS 2011 5% Medicare Outpatient LDS file was examined, and locations of outpatient vascular testing facilities were obtained from the 2011 Medicare Provider of Services (POS) file. The list of the names and locations of all IAC accredited vascular testing facilities in 2011 was obtained from the IAC.
CMS data sources
The following CMS data sets were obtained. (1) The 2011 CMS Outpatient LDS file, 5% national file (ResDAC, www.resdac.org), which contains final action, fee-for-service claims data submitted by institutional outpatient providers, including vascular testing facilities. The 2011 CMS Outpatient LDS data was released in March of 2013, and the 5% sample was selected at random based on health insurance claim (HIC) numbers for all outpatient Medicare billing records in 2011. This file also contained both a CMS provider number, as well as a listing of the procedures (Current Procedural Terminology (CPT) code) performed by each facility. (2) The 2011 Medicare POS file, which was the list of all providers/facilities that billed Medicare for patient services in 2011. Included in the POS file were a listing of all facilities (including vascular testing facilities) that billed Medicare/CMS -and a billing address for each facility. Specifically, the present analyses used the 'Provider of Services (POS) -Other Facilities' data file (which included those facilities billing CMS for vascular testing facilities on an outpatient and/or inpatient basis). Thus, this file contained provider numbers and provider geographical information for all Medicare-approved providers billing for outpatient services in 2011, which served as the denominator for the present analyses. A second segment of the POS file Clinical Laboratory Improvement Amendments (CLIA) that contained only labs, which would correspond more closely to the CMS's carrier files, but that provided a low match (~5%) to the list and locations of IAC accredited facilities, was not used in the present analyses.
IAC data
IAC data included a listing of all 1765 non-duplicated IAC accredited vascular testing facilities, with their street address, and was received by the research team from IAC in June 2013. This data file contained the names and locations of all IAC accredited vascular testing facilities, which served to determine the numerator for the present analyses, and which was needed for merging with the CMS data files (which contained data on all vascular testing facilities reimbursed by Medicare in 2011). Figure 1 schematically represents an overview of the data merge process conducted for this study. Given that the present analyses focus on outpatient vascular testing services, the listing of all CMS Outpatient LDS records in the 5% national data file for 2011 were restricted to those claims using one of 20 CPT vascular testing codes, including both cerebrovascular CPTs (eight CPT codes) and non-cerebrovascular CPTs ( A two-step solution was devised for data merging among the IAC file, CMS POS file, and CMS Outpatient LDS file because of a lack of unique identifiers across all data file types ( Figure 1 ). In the first step, the CMS POS file was merged with the CMS Outpatient file to find the addresses for all providers with outpatient vascular testing procedures. In the second step, these addresses were matched to the addresses of the IAC facilities. 
Procedures
Geographic information system (GIS)
Facilities were geocoded using ArcGIS software version 10 (ESRI, Redlands, CA, USA). Geocoding was used to merge facility addresses from the IAC and CMS POS data files. Prior to geocoding, the facility addresses were standardized from both the IAC and CMS POS files. In most instances the exact characters (including spelling, abbreviations, etc.) for a 100% address overlap between the files did not exist and the automatic program could not perform merging (e.g. without this, 'St.' and 'Street' did not match). Therefore, it was necessary to relax the merging rules to permit a minimum match score of 80% or more of address characters between the two files. A separate file was then created using standardized facility addresses. For example, using this 80% match rule, '1120 NW 14 Street, Miami, Florida 33136' might be standardized to read, '1120 NW 14 th St., Miami, FL'. After sorting the spatial-join result by descending distance, a manual standardization was performed to merge the IAC facility addresses to POS provider addresses, in which the top 5% of records with the greatest distances between the IAC address and the nearest/corresponding POS address were manually checked to verify the accuracy of the matching processing. The facility address is not necessarily the same address as the billing address for the provider that bills Medicare for vascular testing services. Therefore, a case-by-case examination was conducted to see what tolerance/maximum distance resulted in an accurate match between the addresses in the POS and IAC files. After excluding those IAC facilities located in US territories or Canada, as well as those facilities where the distance between the IAC address and nearest POS billing address was more than 10 miles, approximately 98% of IAC accredited facilities (n=1730 out of 1765) were successfully geocoded and matched to CMS POS addresses.
In summary, over 98% (n=1730) of the IAC accredited facilities were matched to a CMS provider in the US, each of which billed Medicare for outpatient vascular testing services. Following geocoding, facilities were assigned to their corresponding state, and to one of four US Censusdefined regions of the US: Northeast, South, Midwest, and West. 13 
Statistical analyses
Descriptive and associational analyses were conducted using SAS version 9 software (Cary, NC, USA). A chisquared test was conducted to test for regional variation in the proportion of IAC accredited facilities across the four Census-defined regions of the US. 13 Results Figure 1 shows that, of the 13,462 total facilities billing Medicare for vascular testing procedures in a 5% random Outpatient LDS for the US in 2011, only 13% (n=1730) were IAC accredited. The remaining 11,732 (87%) facilities (assuming one facility per provider) were considered non-IAC accredited because they could not be matched by name or location with the 1730 IAC accredited facilities that were geocoded within the US. Of the total of 1730 IAC accredited facilities that could be geocoded from the list of IAC facilities, these were distributed across all US regions, with 30% (n=526) in the Northeast, 36% (n=619) in the South, 25% (n=424) in the Midwest, and 9% (n=161) in the West region, respectively (not shown in Figure 1 ). Figure 2 shows the distribution of all POS vascular testing facilities and all IAC accredited facilities across the US. Figure 3 shows the percentage of facilities that billed CMS for outpatient vascular testing services that were IAC accredited, by region. When examining the percentage of IAC accredited facilities within each region, the percentage of vascular facilities in the 5% Outpatient LDS file that were IAC accredited varied significantly across all four US regions (χ 2 [3] =397.6, p<0.0001): 26%, 12%, 11% and 7% of facilities were IAC accredited within each of the Northeast, South, Midwest, and West regions, respectively ( Figure 2 ). The five states and locations with the highest percentages of IAC accredited facilities, in descending order, were NY, NJ, MD, MA, and DE, each having over 25% of facilities accredited by the IAC. (See Figures 4a  and 4b for the absolute number and percentage of IAC accredited facilities for each state/location, respectively.) Table 1 shows the percentage of outpatient vascular testing procedures that were conducted at IAC versus non-IAC facilities, by test type. Overall, 37% of all outpatient vascular testing procedures by volume were conducted in IAC accredited facilities. There was significant variation in the percentage of procedures that were conducted by IAC facilities by test type (χ 2 [4] =325.0, p<0.0001): 35%, 37%, 39%, 46% and 26% of procedures were performed in IAC accredited facilities for extremity venous, cerebrovascular, extremity arterial, visceral vascular, and hemodialysis access, respectively (Table 1 ). This result reflects the fact that the percentage of IAC accredited procedures was approximately the same (~37%) across the first three test types (extremity venous, cerebrovascular, and extremity arterial), but that a relatively high percentage (46%) of visceral vascular tests were performed in IAC accredited facilities, and that a much lower percentage (26%) of hemodialysis access procedures were performed in IAC accredited facilities.
Further analyses examined whether the proportion of vascular testing procedures that were conducted in IAC accredited facilities varied by region: When considering whether there was geographic variation in the proportion of all vascular testing procedures in a region that were conducted in IAC accredited facilities, there were statistically significant differences in the percentage of procedures that were conducted in IAC facilities by region: 47% of all vascular testing procedures that were conducted in the Northeast were performed by IAC accredited facilities in that region, compared to 36% in the South, 38% in the Midwest, and 22% in the West (χ 2 [3] = 2577.11, p<0.0001).
Discussion
This is the first study to suggest that the proportion of IAC accredited facilities appears to be low (13%) among those facilities billing CMS for outpatient vascular testing services. However, IAC accredited facilities produced more examinations per facility than did non-IAC accredited facilities: 37% of testing procedures were done in IAC accredited facilities, despite the fact that only 13% of facilities were IAC accredited. With regard to the specific procedures performed by accreditation status, the low percentage of hemodialysis procedures that were performed in IAC accredited facilities may reflect the fact that the IAC does not specifically accredit hemodialysis access procedures. There is substantial variation in IAC accreditation rates across the US. These results suggest that geographically focused outreach efforts may increase the number of accredited vascular testing facilities nationwide: this is particularly true in the South, Midwest, and Western regions, which had the lowest percentages of IAC accredited facilities (i.e. 12%, 11% and 7%, respectively) among those facilities billing CMS/Medicare for outpatient vascular testing services in 2011. Interestingly, as of 2011, there were two states that had passed a bill requiring the licensure of ultrasound technologists: New Mexico (April 2009) and Oregon (July 2009), 14 which had IAC accreditation rates of 8% and 9%, respectively, in 2011. This result suggests that accreditation rates, although low for these two states, were comparable to other states in the Western region, and that further time may be needed to ascertain whether practitioners embrace licensure over accreditation, or vice versa, in states mandating licensure. Interestingly, although no information was available for this study on the proportion of non-IAC accredited facilities that employ credentialed sonographers, additional data suggest that over 98% of IAC accredited vascular testing facilities had at least one credentialed staff member in 2011 and, on average, a high percentage (M=78.3%; SD=25.9%) of technical staff members were credentialed within each IAC facility (Personal Communication, MB Farrell, IAC, June 2014).
The present findings are an important first step to understand the nationwide impact of voluntary accreditation. Non-accredited vascular testing facilities perform vascular ultrasound services of unknown volume and quality, while equally reimbursed for their performance. In the GAO report to Congressional committees in 2007, 1 most ultrasound procedures provided to Medicare beneficiaries in any setting were either echocardiograms or non-invasive vascular procedures, accounting for 53% of the 41 million procedures provided to nearly 12.4 million Medicare beneficiaries in any setting and 49% of the US$3.2 billion in Medicare Part B payments for ultrasound procedures. In addition, the GAO report 1 has suggested that CMS consider establishing credentialing or other qualification requirements for sonographers as their skills are critical for its use. Findings from several peer-reviewed studies, the MedPAC, and ultrasound-related professional organizations support the requirements for sonographers to either have credentials or to operate in facilities that are accredited, whereby specific quality standards are maintained. 1 CMS has stated that it would consider a nationwide recommendation, but it would rather have states engage their own licensing bodies in implementing sonographer licensure programs that address competency and qualification issues because a national policy would not take into account regional variation in factors such as access to care and state licensing requirements. 1 Unfortunately, few states require diagnostic medical sonographers to be licensed. This study indicates that since one of only a few voluntary accreditation programs is not widely used, voluntary accreditation has also not been a solution for the issues the MedPAC has raised. The quality of nationwide vascular testing services is not consistent or standardized by either licensure or accreditation.
In some settings, CMS or its contractors have required or recommended that sonographers either be credentialed or work in an accredited facility. 15 Medicare's inconsistent requirements for accreditation of facilities undermine assurance that beneficiaries are receiving high-quality services across the country.
The different IAC accreditation rates by state and region of outpatient vascular testing facilities and their utilization among Medicare beneficiaries within the present study provide high-impact data to develop geographically focused outreach efforts to increase the number of accredited vascular testing facilities. Interestingly, although only 13% of the facilities in the sample were IAC accredited, a disproportionately larger proportion (37%) of the vascular testing procedures were conducted by IAC facilities relative to the number of IAC accredited facilities. Similar to the finding that there was geographic variation in the percentage of facilities that are IAC accredited within each region, there was substantial geographic variation in the percentage of vascular testing procedures that were conducted in IAC facilities in each region, with the finding that 47% of all vascular testing procedures that were conducted in the Northeast were performed by IAC facilities in that region, versus lower percentages of vascular testing procedures conducted by IAC facilities in the other regions of the US (i.e. 36%, 38%, and 22% of vascular testing procedures were conducted in IAC facilities in the South, Midwest, and Western regions, respectively). This finding suggests that both the availability and utilization of IAC facilities vary substantially by region, with the greatest proportion of IAC accredited facilities as well as the greatest proportion of vascular testing procedures performed in IAC facilities occurring in the Northeast, and with the smallest proportions of IAC accredited facilities and procedures performed in IAC accredited facilities occurring in the West. 
Strengths
There are multiple strengths to the study. This is the first study to examine IAC accreditation status (i.e. the proportion of IAC accredited versus non-IAC accredited facilities) among a sample of Medicare beneficiaries who are undergoing vascular testing at outpatient vascular testing facilities. Prior to this work, there had not been an adequate characterization of accreditation status for vascular testing. The finding of substantial geographic variation in IAC accreditation status of vascular testing facilities, as well as in the proportion of vascular testing procedures that are performed by IAC accredited facilities in each region, suggest that there may be geographic/health disparities in the types/quality of health care that may be available by state and by region, which could differentially impact on health care outcomes (and possibly associated health care costs). These characterizations of health care access and quality are of growing importance, given the current implementation of the Affordable Health Care Act, and growing interest by the US Government as well as the general public to conduct research to provide information about the best available evidence to help patients and their health care providers make more informed decisions (e.g. Patient-Centered Outcomes Research Institute (PCORI)). Thus, the present study findings may help inform policy makers as well as the general public to make the best possible decisions about their health care options, in ways that maximize individual and public health outcomes and that are most cost-effective for society.
Limitations
There are several limitations to this study. The present study used a 5% Outpatient LDS national sample claims data file from CMS to examine the proportion of IAC accredited versus non-IAC accredited facilities, which billed CMS/Medicare for outpatient vascular testing services in 2011. Although the present study did not use a 100% LDS data file of all outpatient facilities billing CMS, over 95% of the accredited facilities provided to us by the IAC were located within the Outpatient LDS file. This result suggests that, despite this being a small subset of outpatient records, it captured most IAC accredited vascular testing facilities in the US. A second limitation is that the proportion of non-accredited vascular testing facilities was estimated based on the number of providers which bill CMS for vascular testing: This approach may have resulted in an underestimation of the true number of non-accredited facilities (given the possibility of some providers having multiple satellite labs or facilities, but with one POS billing address). If this were to be the case, the true percentage of IAC accredited facilities (out of all facilities that bill CMS for vascular testing, both accredited and non-accredited) may actually be even lower than 13% (i.e. if there are even more non-accredited facilities than providers). Unfortunately, the CMS POS file does not provide the true number of non-accredited facilities (only the number of providers), limiting these data. Therefore, this is a conservative analysis, which may even overestimate the proportion of IAC accredited facilities out of those facilities that bill CMS for vascular testing. A further limitation is that Inpatient LDS data were not employed in the present analyses: Future research should examine the accreditation status of inpatient, as well as outpatient, vascular testing facilities. Moreover, the study focused on Medicare beneficiaries, who comprise the largest group of insured over the age of 65 in the US. Future work should investigate the accreditation status of vascular testing facilities among other populations who may not qualify for Medicare but who are in need of vascular testing services, as well as the accreditation status of facilities who do not accept reimbursement from Medicare/CMS. A further limitation is that data were not available on the credentialing status of non-IAC accredited facilities; however, almost all (over 98% of) IAC facilities had at least one credentialed staff member in 2011 and, on average, more than three-quarters (78%) of technical staff members are credentialed in each IAC facility (Personal Communication, MB Farrell, IAC, June 2014). Although the present analyses identified that 37% of vascular testing procedures were conducted by IAC facilities nationally, future work should examine variation in the volume of the specific vascular testing procedures (CPTs) performed as well as in related diagnoses and health-care costs across IAC accredited versus non-IAC accredited facilities. Finally, the focus of the present study was on IAC accredited facilities only, which is an important limitation. Other organizations provide outpatient vascular accreditation (e.g. American College of Radiology (ACR); Joint Commission on Accreditation of Healthcare Organizations (JCAHO), etc.), 1, 4, 9, 10 and an important future direction is to determine whether these results exist for other accreditation pathways. Unfortunately, at the time of the present study, it was not possible to obtain data on the proportion of vascular testing facilities that received accreditation from organizations other than IAC (e.g. ACR). Future research should therefore investigate these other accreditation organizations for vascular testing, and how these accreditation programs vary as a proportion of all CMS-reimbursed vascular testing facilities by region. The present findings on IAC, as well as those on other accreditation agencies, may help to develop outreach efforts by geographic region and to increase the number of accredited vascular testing facilities nationally and potentially enhance patient safety, quality and utilization control (costs).
Conclusion
The present study identified a low (13%) level of IAC accreditation among all outpatient vascular testing facilities appearing in a 5% national Outpatient Limited Data Set (LDS) of Medicare beneficiaries receiving vascular testing services throughout the US in 2011. Only 37% of all outpatient vascular testing procedures identified in this data set were conducted by IAC accredited facilities. Additionally, there was substantial geographic variation in the proportion of IAC accredited facilities among those outpatient vascular testing facilities appearing in this data set. The range of IAC accredited facilities varied significantly by US state and by region, with the greatest proportion of IAC accredited outpatient vascular testing facilities in the Northeast (26%) and the smallest proportion in the West (7%). These findings may help develop geographically focused outreach efforts to increase the number of accredited vascular testing facilities nationwide and therefore potentially improve the quality of their services and improve outcomes for patients, given the high percentage of credentialed technical staff identified within IAC accredited facilities. Increasing the number of accredited vascular testing facilities to improve test quality is a hypothesis that should be tested in future research. 
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